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AHHOTANUA

[TokcBUpYCBI IIMPOKO HCHONB3YIOTCSI B KayecTBE BEKTOPOB IPH pa3pabOTKE BaKLUH IPOTHUB
MH(EKIIMOHHBIX 3a00JIeBaHNil YesloBeKa U )KUBOTHBIX. OrpaHNYEHHBIH KPYT BOCIIPUMMYHBBIX JKUBOTHBIX
U HENaTOreHHOCTh JUIsl YEeJIOBEKAa KAaNpUIIOKCBHUPYCOB OMNPEAENAIOT OTPOMHBIM MOTEHIMAT HX
UCIIOJIb30BaHMUsl B KayecTBE BAKIUHHBIX BEKTOPOB. TEXHOJIOTHS TMOJNyYeHHS PEKOMOMHAHTHBIX
KaIlPUIIOKCBUPYCOB MOKET OBITh 3HAUUTEIbHO YJIYYILIEHA IIyTeM COYETaHUS BPEMEHHOH JOMHHAHTHOM
cenekuuu 1o reny gpt Escherichia coli (ocHoBan Ha ycroiftumBoCcTH K MHUKO(EHOIOBOI KHCIOTE) C
IuddepeHInansHON 3KeIpeccrert GuryopeceHTHOro Oernka.

PekoMOWHAHTHBIN BHPYC T'eHEpHpyeTcs IMyTeM 3aMeHBI 3elieHOTo (iyopecuupyromero oenka (B
aKIeNTOPHOM BHPYCE) IEJIEBEIM T€HOM B PE3yJIbTAaTe IBYX IOCiIeN0BaTeIbHBIX pexomounammii [JHK. B
MIpOLIECCE MEPBOrO KPOCCHHIOBEpa Mia3MUAA MHTErPAllMU C IIEJIEBBIM I'€HOM BCTPAMBAETCS B I'E€HOM
akKIenTopHOro Bupyca. B pesynbpTare oOpasyercss HecTabuibHasl reHeTHdYecKash KOHCTPYKIUS, KOTopas
MOYET CYyIIECTBOBATH TOJBKO ITOJI CENICKTHBHBIM JlaBIeHHEM MUKO(EHOI0BOM KucHoThl. [locie cHATHS
CEJICKTUBHOTO JIABJICHUSI MPOHCXOAUT BHYTPUMOJIEKYJISIpHAs PEKOMOMHALMS BHPYCHOI'O TE€HOMAa B
y4acTKax TOMOJIOTUH, U 00pa3yloTcs [1Ba THIIA BUPYCOB: PEKOMOMHAHT C LIEJIEBBIM T€HOM M MCXOAHBIN
AKLENTOPHBIA BUPYC.

Bosneuennsie BUpychl (3€J€HBIA UCXOHBIHN, 3€JICHbIM MPOMEKYTOYHBIN 1 OECLIBETHBIM KOHEUHBIH)
BU3YaJH3UPYIOTCS I0-PasHOMY C IOMOIIBIO  (IIyOpPECHEHTHOW MHKPOCKOINHMH, 4YTO MO3BOJISAET
UCIIOJIB30BaTh MPOCTOH U 3P PEKTUBHBIN MPOTOKOI 0TOOPA [IEIEBBIX PEKOMOWHAHTOB. DTOT METO/I (3aMeHa
TeHOB «OT 3€JICHOro K OeCIIBETHOMY») 3HAUUTEIHHO COKpaIlaeT BpeMs, HEOOXOMUMOe ISl MOyYSHHUs
0e3MapKepHOro PeKOMOMHAHTHOTO KalPpUIIOKCBUPYCA.

KaroueBble ci1oBa: BUpYC HOAYISPHOTO JepMaTUTa, pEKOMOUHALINS TeHOMa, BUPYCHBIN BEKTOD.

Baknunanus siBisieTcss OCHOBHBIM METOJI0M PO(MUIAKTUKN UH(EKIIMOHHBIX 3a00JIeBaHUH.
HecmoTpss Ha Oo0nblIoe KOJWYECTBO AOCTYIHBIX MPENaparoB, cCO3MaHHE >(PQPEKTHBHBIX H
0e30macHbIX BAaKIMH BCE €IIIE OCTACTCS aKTyalbHOH 3amaveil. OJHUM U3 PEIICHUH MOXKET CTaTh
reHeTHYeCKass HMMMYHM3allUs, B pe3yJbTaTeé KOTOPOM B OPraHU3M JOCTABIISIIOTCA TEHBI,
KOJIMPYIOIIHE 1EJIEBbI€ AHTUTEHBI MATOTEHHBIX MUKPOOPTaHU3MOB [ 1]. DKcnpeccus Takux reHOB
B OpraHU3Me UMUTUPYET BUPYCHYIO HH(EKIINIO, BEI3bIBASI UMMYHHBIN O0TBeT. JlocTaBKa 1ETEBBIX
T€HOB MOXET OCYIIECTBIATHCS Pa3IMYHBIMU MYTAMH [2], cpeiad KOTOPBIX HCIOJIb30BaHUE
BUPYCHBIX BEKTOPOB. BHpyCHBbIE BEKTOPBI, SKCIPECCUPYIOLIUE Te€TEPOJOTUYHBIE AHTUTEHBI,
CXOJIHBI C aTTEHYHPOBAaHHBIMHU >KUBBIMU BUPYCHBIMH BaKLIMHAMU, U B Ujeaje JOKHbBI 00Ia1aTh
CIIOCOOHOCTBIO BKJIIOYATh B CBOM I'€HOM UY)KEPOJIHBIE T€HBI IEJIEBBIX aHTHTEHOB, IIPOMOTOPOB U

65


mailto:ovch@mail.ru

MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

a/IbIOBAHTOB U CTAOMJILHO MX KCIIpeCcCUpoBaTh. Pa3paboTka BUPYCHBIX BEKTOPOB HalpaBieHa Ha
CO3/1aHHE MOJMBAJICHTHBIX BAKIIMH, a TAK)K€ BAaKLMH NPOTUB OCHOBHBIX OOJIE3HEH uesoBeKa U
KHUBOTHBIX, JJII KOTOPHIX N0 CUX TOop 3¢G(deKTuBHbIE NPOPHUIAKTHUECKUE Tperaparsl
OTCYTCTBYIOT.

[lokcBUpyCHI,  CKOHCTPYHUPOBaHHbIE Ul OKCIPECCMM  YYXEPOAHBIX  I'€HOB,
3apeKOMEH/10BaJIN €05l KaK Ype3BbIUaiHO LIEHHbIE MHCTPYMEHTHI B COBPEMEHHON OMOTEXHOIOT MU
npu pa3zpaboTKe KaKk MEAMIMHCKUX, TaK ¥ BETEPUHAPHBIX BAaKIUH. | €HOM € BBHICOKOI €MKOCTBIO
s pekomobuHanTHo JIHK [3], TounbIi BUpyc-cnenuduueckuii KOHTPOIb AKCIPECCUU T'eHa-
MHUIIIEHH, OTCYTCTBUE IEPCUCTEHTHOCTH WJIM UHTETPALIMY B TEHOM X0351HA [4], BBICOKUI YPOBEHb
WMMYHOT€HHOCTH [5, 6], HCKIIFOUMTENIbHAST TEPMOCTAOMIHLHOCTD, a TAKXKE MPOCTOTA MOTYUCHUS
BEKTOpa M BAaKLMHBI SBIISIOTCS BXKHBIMH XapaKTEPUCTUKAMU, OJ1aroiapst KOTOPhIM MOKCBUPYCHI
HAIlUTM HIMPOKOE MPUMEHEHHUE B KAUECTBE BaKLIUHHBIX BEKTOPOB.

Bupyc HOmynsipHOTO IepMaTuTa OTHOCUTCS K poy Capripoxvirus cemeiicra Poxviridae. K
pomy Capripoxvirus oTHOCSTCS TaKKe BUPYCHI OCIIBI OBEII M OCIIBI K03. KarnpHIiokcBUpyCh UMEIOT
BBICOKYIO T'€HETHUYECKYI0 TIoMosIorTHio [7, 8].  ATTEHyHpOBAaHHbIE BaKLHMHHBIE IITaMMBbI
KaIllpUIIOKCBUPYCOB OBUIM YCHEIIHO HCIOJb30BaHBI B KAaYeCTBE BEKTOPOB IpH pa3paboTke
OouBaneHTHbIXx BakiuH [9, 10, 11]. KampumokcBuUpychl HMEIOT OrpaHHYEHHBIH Kpyr
BOCIIPMMMYMBBIX )KUBOTHBIX U BBI3bIBAIOT A0OPTUBHBIE HH(EKIINU B OPTraHU3ME HEIEPMUCCUBHBIX
KHUBOTHBIX. OJHAKO Jake B OTCYTCTBHE DEIUIMKAIMA PEKOMOWHAHTHBIE KaIpPUIIOKCBUPYCHI
KOPPEKTHO KCIIPECCUPYIOT UYXKEPOJHBIE I€Hbl M BBI3BIBAIOT JJIUTEIbHBIE HMMYHHBIE OTBETHI Y
MMMYHU3UPOBAHHBIX  X03sieB [12, 13]. DTu cBoiicTBa JA€NalOT  KampHUIOKCBUPYCHI
NEPCHEKTUBHBIMU JJIs1 pa3paOOTKH BEKTOPHBIX BAKIMH MPOTHB MH(EKIMOHHBIX 3a00JeBaHUN
Pa3IMYHBIX BUJOB KHBOTHBIX.

CriocoObl MOTy4eHUs: PEKOMOMHAHTHBIX ITOKCBHPYCOB JAETalbHO PAaCCMOTPEHBI B psjie
0030poB [14, 15]. dns cenekuuu U 0T60pa peKOMOMHAHTOB UCIIOJIB3YIOT MapKepHbIE TeHbL. DTO
MOTYT OBITh TEHBI, OOECIEYMBAIOIINE YCTOWYMBOCTh K aHTHOMOTHMKam [16, 17, 18] wmm
BU3yalibHbIe Mapkepbl. Cpeam HUX TeH OeTa-TajlaKTO3WJas3bl, SKCIPECCHUS KOTOPOTro
COIPOBOXIAETCS OKpAIIMBaHHEM OJIAIIEK BUpyca B CHHHH IBET B IPHCYTCTBUH S5-Dromo-4-
chloro-3-indolyl-B-D-galactopyranoside  (X-gal) [19, 20]; reH Oera-TJIIOKypOHHIA3bl B
3aBUCUMOCTH OT MCIIOJIb3yEMOT0 cyOcTpaTa 00pa3yeT BETHbBIE MU (PIIyOPECLIEHTHbIE TPOAYKTHI
[21]. Bonee mo3qHKE HCCIEI0BAHNUS CBA3AaHbI C UCTIOIB30BaHUEM (IIyOpPECHUPYIOMNX OeNKOB [22,
23].

Haunbosiee mepcrieKTUBHBIM HaNpaBICHUEM B CENEKIUU U OTOOpe PEeKOMOMHAHTHBIX
IIOKCBUPYCOB SIBJISICTCSI MCIOJB30BAHUE B KaueCcTBE MapKepoB Quiyopecuupyromux Oenkos. B
1abopaTopun MOJIEKYJISIpHON Ouosioruu u renHoi nxxenepun HUU mpobinem Ononoruueckoit
0€30I1aCHOCTH CKOHCTPYHPOBaHbI BeKTopHbIe Iu1a3mMuHble JIHK n otpaboTan cioco6 nomaydeHus
PEKOMOMHAHTHBIX KaIPUIIOKCBUPYCOB METOJIOM TOMOJOIMYHONH PEKOMOMHALIMM B YCIOBHUSX
BPEMEHHON JOMUHAHTHOMN CEJICKIIUH C UCIOIb30BAaHUEM B KAaUECTBE CEJIEKTUBHOIO MapKepa reHa
Escherichia coli, komupyromero ¢epment kcantun-ryanuHdochopudosmnTpanchepasy (gpt)
[24]. Llenpto MaHHBIX WCCIEIOBAHUN SBISUIACH ONTUMM3AIUS OTOOpPAa PEKOMOMHAHTHIX BHPYCOB
HOJYJISIPHOTO JiepMaTUTa MpHU pa3paboTKe BEKTOPHBIX BAKIIHH.

Matepuajabl M METOABI HCCJIETOBAHUS

KneTounsle KynbTyphl, UCHOJIb30BaHHBIE B 3TOM HCCIEAOBAHUU, OBUIM IMPEIOCTABICHbI
Jlaboparopueli kierounoit OworexHonorurn HUWU mpobiiem Ouonornyeckoil 0€30MacHOCTH.
[lepBuunbie kietku Ttectukyn sirHeHka (TS) kynpruBupoBanu npu 37°C B 5% CO2 B
nonycuHTernueckoil mpucrenounoit cpene (I1ICII, HUUIIBD, PK) ¢ no6asnenunem 10% (06./06.)
sMOpHroHaNTbHON Obrubelt chiBopoTKH (DBC, Sigma, CIIIA).

B pabore ucnonbp3oBanu pEeKOMOMHAHTHBIM BHPYC HOAYISIPHOTO jaepMmaTuTa Atyrau-B,
MOJYyYECHHBIM B pe3yibTare HokayTta reHa LSDVO008 B reHoMe BHUpYJIEHTHOIrO IITaMMa BHpYyca
Dermatitis nodulares/2016/Atyrau/KZ. Bupycsl HOIyASpHOrO JepMaTUTa pa3MHOXalud Ha
kietkax TS ¢ ucnons3oBanuem cpenbl [ICII, conepxkamei 2% ObC, B Teuenue 7-10 guel npu
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37°C B 5% CO2. AKTUBHOCTb BUpYCa ONPEIEIIAIN METOJAOM MUKPOTUTPOBAHUS B 96-IyHOUHBIX
miaHmerax. THTp paccuuThIBaH 110 MeToy Puia m Menua u Beipaxanu B lg TI/Iso/cM®.

[Mna3muner uarerpamuu pIN-LSDVO066-EGFP u pIN-LSDVO066-IL18 mist BcTpauBaHus
reHa 3emeHoro Quyopecuupytomero Oenka (EGFP) wnmm Oplubero wHTEpieilikuHa-18,
COOTBETCTBEHHO, B JIOKYC THMHJIWHKHHA3bl BUPYCHOTO T€HOMa OBLTM CKOHCTPYHMPOBAHBI Kak
ONKMCAHO Hamu paHee [25].

PexoMOMHAHTHBIE BUPYCHI MOJIYYald ITyTEM TOMOJIOTUYHOW PEKOMOWHAIIMU B YCIOBHSIX
BPEMEHHON JOMUHAHTHOW CEJICKLIMH, KaK omucaHo paHee [24]. Bkpatue, MmoHocnoi kinetok T
WHQUIIUPOBAIN BUPYCOM HOIYIISIPHOTO AepMaTuTa Atyrau-B wnum ero nmpousBonusivu B go3e 0,1
TI/150/knerka B TeueHue 2 4, a 3aTeM TPaHCHUIIMPOBATIN COOTBETCTBYIOIICH WHTETPAIIMIOHHON
Ia3MUI0N ¢ ucmnoibp3oBanueM nunodekramuna 2000. Korna muronatuaeckuii s dext (LUI1D)
nocturan 80% (3-5 mHeit), KIETKH JM3UPOBAIU TPEMS HUKIAMH 3aMOPaKHBAaHHUSI-OTTaHBAHUSL.
Jns oborameHuss TpaHCHEKIMOHHOTO Mylda PEKOMOMHAHTHBIM BHpPYCaMH IPOBOAMIH 2-3
nocJyenoBaTeIbHbIX naccaxa B cenektuBHoU cpene [ICII, comepkameii 2% OBC, 2,5 Mkr/min
MUKO(EHOJIOBOW KHCIOTHI, 25 MKI/MI KcaHTuHa © 1,5 wMkr/min runokcantuna. Otbop
PEKOMOMHAHTOB MPOBOAMIN KJIOHUPOBAHMEM METOJAaMHU MpPENeIbHOr0 pa3BelleHUs U OJIsIIeK.
PexoMOWHAHTHBIE BUPYCHI UACHTU(PUIIMPOBATH METOIOM JIFOMHHECIIEHTHOW MUKPOCKOIHH U
[TLP. TTI[P-ananu3 npoBOAMIIN JIJIsl ONPEICICHUS TOMOTEHHOCTH PEKOMOMHAHTHOTO BUpYca, T.€.
IIOJIHOTO OTCYTCTBMSI POJUTENIBCKOIO BHpYycCa, C UCHoJb30BaHueM mpaiimepoB RCR-TK-F 5'-
aattataggacctatgttttctggc-3° m RCR-TK-R 5’-cagcgtctttataacattccat-3°. Pasmep mpomykra mms
UCXO/IHOTO BUpYyca cocTaBisieT 413 1.0., co BCTpoeHHbIM TeHoM egfp — 1225 1.0., o BCTPOCHHBIM
reHoM bIL-18 — 1085 m.o.

[LIP mpoBoaniu B 25 wi, cogepkammx S5 wi 5% peakiuonHoro O0ydepa OneTaqStandard,
0,5 wr 10 MM dNTP, mo 1 pa xaxxmgoro npaiimepa (10 mmomns/pr) u 0,125 pin JIHK-monmumepass
OneTaq (0,625 exn.), 1 pi marpuunoit JIHK (100 HI/ui) u cTepUIbHON TUCTHILTUPOBAHHOM BOJIBI
JI0 KOHEYHOT'O peaknnoHHOTO o0bema. Marpuunyio JIHK nenarypupoBanu B Teuenue 30 ¢ npu
94°C, omxur npaiimepos npooauau npu 50°C B Teduenue 30 ¢, yJuIMHEHNE LIENU TPOBOAWIN IIPU
72°C B Teuenue 90 c (30 ukIOB).

Jnist orGopa OIsIIek BUpyca M OLIEHKH SKCIPECCHH 3€JICHOTO (UIyopecupyromero oeinka
PEKOMOMHAHTHBIM BHPYCOM HOIYJSPHOIO JepMaTUTa HCIOJNb30BAIN JIIOMUHECIIEHTHBIH
MHUKpockomn Anbramu JIIOM-2,

DKCIPECCUI0 MHTEpJIeKMHA 18 pEeKOMOWHAHTHBIM BHPYCOM HOAYJSPHOTO JACpMAaTHUTA
MOATBEPXKIATH METOJOM BECTEpH-0JI0Ta, KaK OMHCAaHO paHee [24], ¢ UCHOIb30BaHUEM
MOJIMKJIOHAJIBHBIX MBIITUHBIX aHTH-bIL18 CBIBOPOTOK.

Pe3yabTaThl M 00Cy:KIeHHE

PexomOuHaIyst BHPYCHOTO Te€HOMa B YCJIOBUSX BpPEMEHHOH JOMHMHAHTHOM CENEKIUH
MPOUCXOIUT cleAylouM obpa3oM. B mpoiecce mepBoro KpocCHHroBepa BCsl ILIa3MUA
UHTETpallii BCTpaMBaeTCs B BUPYCHBIH TeHOM (pucyHOK 1A). B pesynerate obpasyercs
HecTaOuJIbHAs KOHCTPYKLHUS, KOTOpass MOKET CYIIECTBOBATh TOJBKO TOJ| CEJIIEKTUBHBIM
JaBJIeHUEM MUKO(PEHOIOBOW KHUCIOTHL. Ilocie CHATHS CENeKTHBHOTO JABJICHUS MPOHCXOIHUT
BHYTPUMOJIEKYJIsIpHAs peKOMOMHAIIMS BUPYCHOTO T€HOMA B y4acTKaxX TOMOJIOTUU U 00pa3yloTcs
JIBa THIIAa BHPYCOB; PEKOMOMHAHT C IIEJIEBBIM I'€HOM M MCXOAHBIM BapuaHT AWKOro Tuma. B
HEKOTOPBIX CIydasx IJs BBIIEICHUS pekomMOuHaHTa Tpedyercs 10 m Oojee payHIOB
KJIOHUPOBAHMSI METOJIOM MPEAETHHOT0 Pa3BeACHHS U OJISAIKOOOPa30BaHUsL.

st moBeImeHus 3 (HEKTUBHOCTH 0TOOpPA PEKOMOMHAHTOB MBI pa3padO0Tali aKIENTOPHBII
BUPYC, B TE€HOM KOTOpOTO BCTPOEH MapKepHblii reH QuyopecrenTHoro Oenka. Ilpu
UCIIOJIb30BAaHUU aKIIETITOPHOTO BHpYyca JUIsi TOMOJIOTUYHOW pEKOMOMHALIMM B YCJIOBHSIX
BPEMEHHOU TOMUHAHTHOM CEJEeKIMH O0TOOp peKOMOMHAHTOB BO3MOXEH YK€ uepe3 2-3 payHnaa
KJIIOHUpOBaHUs MeTogoM Omsmiek. Ecnum  Onsiiiku  aknenTopHOro BHpyca M BUPYCOB C
HECTaOMJIbHBIM T€HETHYECKUM FeHOMOM (DIyOpEeCIMPYIOT 3a CUET SKCIIPECCUU MAPKEPHOTO IeHa,
OJISIIKKM ~ PEKOMOWMHAHTHOTO BHUpPYCa OCTAlOTCA OECHBETHHIMU TPU  JIFOMHUHECIICHTHOU
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mukpockoruu. Kak BugHO U3 pucyHka 1b, B pe3ynabpTare BHYyTpUMOIEKYISIPHON pEKOMOMHAIINN
TeHOMa TIOCJE€ CHSTHS CEJIEKTUBHOTO JaBlieHWs 0Opa3yloTcsi [Ba THIIa BHpyca -
dryopectupyronuii 1 He (IyopecuupyOnui («OT 3eJIEHOTO K OECIIBETHOMY»).
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Pucynok 1 — Cxema roM0o10ru4HOM peKOMOUHAIIMY BUPYCHOT'O T'€HOMA B YCJIOBUSIX BPEMEHHOI
JOMHUHAHTHOH CENEKUUH: MPSIMOE BCTPAauBaHKE Ty>KEPOTHOIrO reHa (A) U BCTpauBaHHUE y>KEPOIHOTO
reHa IMyTeM 3aMeHbl MApPKEPHOTO I'eHa - cTpaTerus "3eneHsiii-oecuBeTHblil" (b)

Ha nmepBoM sTane uiccnenoBanuii HaMu ObUT pa3paboTaH BUpYC-akIenTop. B renom Bupyca
HOAYJSIpHOTO JAepMatuTa Atyrau-B ObuT BCTpoeH reH 3eneHoro duiyopeciupyromero oenka. Jis
oTOOpa pPEKOMOMHAHTHBIX BHPYCOB HCIIOJIb30BAM JTIOMUHECIEHTHYI0O MHUKPOCKOIHUIO B
komriuiekce ¢ [1I[P. B pe3ynbrare Ob110 MOTyYeHO TpU KJIIOHA peKOMOMHAHTHBIX BUPYCOB Atyrau-
BJ(EGFP), conmepxammx B CBOEM TEHOME Te€H 3eleHOro (iyopecuupyromero oOenka.
['enernyeckass cTaOMJIBHOCTH ObLIa MOJATBEPKIEHA IyTEM IOCIIENOBATENbHOTO MAaCCUPOBAHUS
pexombOunHanTta B TeueHue 10 maccaxeil (pucyHok 2A). Kak BuaHO W3 pucyHka 2A, JOKyc
tumuauHKuHA3pl (LSDV066) ocraercs craOunbHbIM B TedeHue 10 maccaxei, coxpaHss
BCTPOCHHBIN 4yKEPOJHBIA I'€H B CBOEM COCTABE.

M1 2 3 4 5 6PC1 2 3 4 5 6 PC M1 2 3 4 5 6 PC
Size, bp. egfo oee size, by 0084
=

3000 2000 :

2000 2000 L—J

1500  —' 1500

i ------. -
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i;; 333 — d Sl el e -

300 300 — 3 H

= . - - - - * -

A b

A: ananm3 kJ10HOB pekoMOnHaHTHOTO BUpyca Atyrau-BJ(EGFP) na nanmane rena EGFP, ctpykTypbt
nokyca LSDV066; 1-3 — IHK xnoHOB Bupyca mocie mstoro naccaxa, 4-6 — JJHK kioHoB Bupyca mocie
necsaroro maccaxa, PC — mnonoxurenbHeld KoHTponb (mmasmuznas [IHK). b: anmanmu3 xmoHoB
pekoMOuHaHTHOTO BUpyca Atyrau-BJ(IL18) na mammuwne rena IL18, cTtpykrypsl mokyca LSDV066; 1 —
JHK Bupyca mocie nsaroro naccaxa, 2 — JIHK Bupyca mocie aecstoro naccaxka, PC — moJIOXHTETHHBIHA
KoHTpoIb (asmugHas JHK).

Pucynox 2 — I[P anann3 pekoMOMHAHTHBIX BHPYCOB mocie 5 u 10 maccaxka

DKCHpPeccuIo BCTPOSHHOIO T'eHa 3eJIEHOT0 (piryopecuupyroiiero 6eaka oleHuBaIl METOI0M
JIOMHHECHEHTHON MUKPOCKONHHU. Y CTAHOBJICHO, UTO yXe Yepe3 TPH yaca Mocie HHPUIUPOBAHUS
KJIETOK  PEKOMOMHAHTHBIM  BHPYCOM B MOHOCIO€  PErHCTPUPYIOTCS  OTHEIbHbIE
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¢ayopecuupyromue kietku (pucyHok 3A). Co BpeMeHeM X 4uciIo yBenuduBaercs (pucyHok 3 b
u B) u depes 24 4 dayopecupyroT NPaKTUYECKH BCE KIETKH HMHOUIIUPOBAHHOTO MOHOCIIOS
(pucynoxk 3I'). IIpu 3TOM HUTONIATHYECKOE JACHCTBUE BUPYCa MOYXKHO HAOIIOAATh TOJIBKO K KOHITY
TPEThUX — HAa4aJly YE€TBEPTHIX CYTOK KyJIbTUBUPOBAHMSL.

A b B r
Pucynoxk 3 — JltomuHECIEHTHAasE MUKPOCKOITUS MOHOCIOA Ki1eTok TS uepes tpu (A), mects (b),

nBeHanath (B) u mBamnats yerpipe gaca (1) mocie napuImpoBanus peKOMOMHAHTHBIM BHPYCOM
Atyrau-BJ(EGFP) (100x%)

Taxum o6pa3om, HamMu OBLT MOJTyYeH akienTopHbii Bupyc Atyrau-BJ(EGFP), koTopsiii Mbl
UCTOJIb30BAM B JaJbHEUIIEM JJIs BCTPaMBaHUS IIEJICBOIO T'€HA, MCMOJIb3Yys CTPATETHIO «OT
3eJIeHOro K OecliBeTHOMY». B kauecTBe 11€/1eBOro reHa Mbl UCIOJIb30BaIM MOCIEA0BATEIHLHOCTh
MPHK, xomupyromyro Obrauii uHTEpaeKkuH-18.

Momnocnoit knerok TS wHbummMpoBanm akmentopHbiM BupycoMm Atyrau-BJ(EGFP) u
TpancumpoBanu 1azMuaoi uHTerpanuu pIN-LSDVO066-IL18. Krerounstit nmsar mocie
TpaHCQEKIUU KIOHMPOBAIM METOJOM OJISIIEK IMOJ CIOeM arapo3bl. Bisiiiku aHamuzupoBaiiv
CBETOBOH U JIIOMHUHECIIEHTHOW MUKPOCKOMHEH (PUCYHOK 4).

A b

A — cBeToBas MUKPOCKOIHA, b- OIHOBPCMCHHAA JIIOMUHCCHCHTHAA U CBETOBAsA MUKPOCKOITUA

Pucynok 4 — Mukpockormust Oisiiek, 00pa3oBaHHBIX B KYJIBTYPE KIETOK TECTHKYI SITHEHKA
PEKOMOMHAHTHBIMU BUPYCAMHU HOJTYJISIPHOTO JIepMaThUTa

He dayopectupyromnue OJNSIIKKM HaKalIMBaIM U aHanu3upoBaiu Meromom [ILP. Jlns
MOJIHOTO YJaJeHHs aKIENTOPHOTO BHUpPYCAa IMOJyYCHHbIE BUPYCHBIE KIIOHBI OBUIM TIOBTOPHO
KJIOHUpPOBaHbL. B pesynbrare ObLT moaydeH kiaoH Bupyca Atyrau-BJ(bIL18) skcrpeccupyrormmii
Obrumii uHTepnekuH-18. B Teuenme 10 mocrmemoBaTeNbHBIX IMACCaXei BHUPYC OCTaBaJCs
T€HETUYECKH CTaOMIbHBIM (pucyHOK 2b). OO0 3TOM Takke CBHACTEIBCTBOBAJIA HKCIPECCHUS
UHTEpIIeHiKnHAa- 18, moaATBepKIeHHAass METOJIOM BecTepH-O10Ta (pucyHok 5). Takum obpazom, ¢
UCIIOJIb30BAHUEM CTPATETHH «OT 3€JIEHOTO K OECIIBETHOMY» OTOOP PEKOMOMHAHTHBIX BHPYCOB
CTaJl BO3MOXKEH 3a 2 payH/1a KIOHHPOBAHUS.
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1 — OakTepuasbHO SKCIPECCUPOBAHHBIN MHTEpIEUKHH 18 (MOJIIOKUTENBHBIM KOHTPOJb), 2, 4 —
HenH(uEpoBanusie kiaetku T, 3 — kineTku, uauuposannsie Bupycom Atyrau-BJ(IL18), maccax 5, 5 —
KJIEeTKH, MHGUIEpoBanuse Bupycom Atyrau-BJ(IL18), maccax 10

Pucynok 5 — UMmMmyHoneTeKkIis mHTEpIEHKHA 18, S3KCIpeccHpoOBaHHOTO PEKOMOMHAHTHBIM BUPYCOM
HoyJsipHOTO nepmaturta Atyrau-BJ(IL18)

[TonoOHBIe cTpaTeruy OBUIM MCMOJNB30BAaHBI NMPU TMOIYYEHUH PEKOMOMHAHTHBIX BHPYCOB
ocroBakiuael. Di Lillo et al. [26] paspaboranu cmocod MmonydeHUus PEKOMOMHAHTOB
MOJIU(HUIMPOBAHHOTO BHPYCa OCIOBAKIMHBI IYTEM COYETAaHUS BPEMEHHOW CEJIEKIHU IO
JMara3oHy Xo03sieB (OCHOBAaHHOW Ha BOCCTaHOBIeHMH B MVA 1eneTHpoBaHHOTO TEHA
ocnoBakiHbl K1L) ¢ nuddepenumanshoii skcrpeccueit guyopecueHTHbIX OenkoB. [Tpu sTom
WCIIONIB3YIOT JIBa BHAA KynbTyp KiaeTok - RK13 u BHK-21. Tpu Tuma BOBIE€YEHHBIX BHPYCOB
(KpacHBIN MCXOJHBIN, 3€JCHBIH MPOMEXYTOUHbBIM M OECIBETHBI KOHEUHBIH peKOMOWHAHTHBIN)
BU3YAJIM3UPYIOT C TMOMOIIBI0 (IIYOPECIIEHTHOW MHKPOCKOTHMH, YTO TMO3BOJSET 3 ()EKTUBHO U
OBICTPO BBIJICNATH PEKOMOWHAHTHbIE BUpPYCH. [lo3aHee aBTOpbI MOAMDUIIMPOBAIN METOJ
OYHUCTKH HCIIOJIB3YS MPOTOYHYIO [IMTOMETPHIO JJIsi COPTHPOBKH KiieTok [27]. Barbieri et al. [28]
WCTIONIb30BAIM JIAHHBIM TOJXOJ JJisi MOJIyYE€HUSI MHOXKECTBEHHBIX BCTaBOK B T€HOM BHUpYca
OCTIOBaKIIMHBI.

3akiaro4enue

PazpaboTka BEKTOPHBIX BaKIMH Ui NPOQMIAKTUKA WHQPEKIHMOHHBIX 3a00JIeBaHUIM
KMBOTHBIX ¥ YEJIOBEKA SBISICTCS IEPCIEKTUBHBIM HANpPABICHHEM B BAaKIMHOJIOTHH. Bupyc
HOAYJSIPHOTO JIepMaTHTa, Kak M Jpyrue mpeactaButennd poxaa Capripoxvirus, wuMeroT
OTPaHUYEHHBIA KPYr XO035€B M HE MATOT€HHBI JJIs YEJOBEKa, YTO JAENaeT MX YHHKAJIbHBIMU
BeKTOpaMu. HecMOTpsl Ha MPOCTOTY BCTpauBaHUS YYKEPOIHBIX MMOCIECIOBATEILHOCTEH B TEHOM
IIOKCBHPYCOB, TpobiemMa oTOopa pEeKOMOMHAHTOB OCTAaeTCsl aKTyalnbHOW. Paspaborka
aKIETITOPHOTO BHPYCa, OSKCHPECCHPYIOMMX (ayopecupyomuii MapKepHbIH OeloK, W ero
UCTOJIb30BaHUE TPU PEKOMOMHALMU B YCIOBHSX BPEMEHHOW JIOMMHAHTHOH CENIEKIUU IO
YCTOWYHMBOCTH K MHUKO()EHOIIOBOM KHCIIOTE TO3BOIMIIO 3HAYUTEIHFHO COKPATHTh YUCIIO PAayH/IOB
KJIOHUPOBAHMS IIPU 0TOOpPE PEKOMOMHAHTOB.

Takum oOpazoM, 115 oBbIIICHHS () (PEKTUBHOCTH 0TOOpPA PEKOMOMHAHTHBIX BUPYCOB ObLTa
pa3paboTaHa cTpaTerus «oT 3eJIEHOro K OeciBeTHOMY». JlaHHas cTpaTerus OCHOBaHA Ha 3aMEHe
MapKEpHOTO T€Ha 3eJIEHOT0 (PIIyopeciupyroniero OeKa eJIeBBIM TeHOM.
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BEKTOPJIBIK BAKIIMHAJIAPJBI 93IPJIEY YIIITH PEKOMBUHAHTTEHI
HOJYJISIPJIBI JEPMATHUT BUPYCTAPBIH AJTYIBIH THIM/ILIITTH APTTBIPY
QJIICI

Tyidin

[TokcBupycTap ajaM MeH jKaHyapiapiblH XKYKIAIbl aypyJiapblHa Kapchl BaKI[MHAJIAP/IBI JKacaya
BEKTOD PETiHJIe KeHIHCH Koanbliaabl. Ce3iMTall )kaHyapiiapAblH IEKTSYi AUara3oHbl KoHE afaM YIIliH
KaIllpUMIOKCBUPYCTAP/IBIH TATOTEHI 0OOJMaybl oJlap/pl BaKIMHA BEKTOPJIAPHI PETiHZIC MainanaHyIbIH
YJIKEH MYMKIHJIKTEpiH aHBIKTai/Ibl. PEeKOMOMHAHTTHI KallPUIIOKCBUPYCTAP/bI Ty TEXHOJOTHICHIH gpt
Escherichia coli reni apkpiibl (MHKOGEHON KBIKBUIBIHA TO3IMAUTIKKE HETI3NENITCH) YaKbITIIA
JIOMHHAHTTBI CEJIEKIUAHBI (HIYOPECUCHTTI aKybI3AbIH TU(PGEpPEHIHAIIb IKCIPECCUACBIMEH OIpIKTIPY
apKBUTBI aliTapIIBIKTal JKaKcapTyFa 00JIasbI.

PexomOunantTel Bupyc JIHK-HBIH eki [oiieKTI pPEKOMOMHANMSACHI HOTWXKECIHIE SKaChLI
(bmyopecteHTTI aKybI3bl (aKIENTOPJIBIK BUPYCTa) MAaKCaTThl T€HMEH aybICTHIPY apKbUIbI JKacallajpl.
Bipinmi kpoccHHTOBEp Ke3iHJe MaKCaTThl TeH MEH MHTETPAIUSUIBIK TUIA3MUJIA aKIETTOPIIBIK BUPYCTHIH
TeHOMBIHA eHTi3ineni. HoTtmkeciHae Tek MUKO(GEHON KBIIIKBUIBIHBIH CEJIEKTHBTI KbICBIMBIH/IA OMIp CYpe
aNaThlH TYPAKChI3 TEHETUKANBIK KYPBUIBIM Kaibilitacaabl. CeIeKTHBTI KBICBIM JKOHBUIFAHHAH KEWiH
TOMOJIOTHSIJIBIK aiiMaKTapJa BUPYCTHIK T€HOMHBIH MOJIEKYJAIMIUIK PEeKOMOWHAIMACHL JKYpedi KOHE
BUPYCTap/IbIH €Ki TYpi TY31JIe/i: MaKcaTThI TeHi 0ap peKOMOWHAHTTHI KoHE 0acTaIKbl aKIIETITOPIIBIK BUPYC.

Konpanpuiran Bupycrap (0acTamkbl >Kachbll, apajiblK >KacbUl >KOHE COHFBI TycCi3) (yopecueHTTi
MUKPOCKOITUS apKBUIBI op TYp:i KepiHenmi. byl MakcaTThl peKOMOMHAHTTApABl TAaHJAY/BIH KaparaibiM
JKOHE THIMII OAICTEMECiH KOJIJaHyFa MYMKIHIIK Oepermi. byi omic (reHaepial «okachUlIaH TyCCi3re»
aybICTBIPY) MapKepci3 peKOMOWHAHTTHI KAMPUIIOKCBUPYCTHI ally YIIIH KKETTI YaKbITThl alTapibIKTail
KbICKapTaIbl.

KiaTTi ce3nep: HOQYSAPIBI AEPMATUT BUPYCHI, TEHOM PEKOMOHMHAIIHMSCHI, BAPYCTHIK BEKTOP.
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METHOD OF INCREASING THE EFFICIENCY OF OBTAINING RECOMBINANT
NODULAR DERMATITIS VIRUSES FOR THE DEVELOPMENT OF VECTOR
VACCINES

doi:10.53729/MV-AS.2023. 02.04

Abstract
Poxviruses are widely used as vectors in the development of vaccines against infectious diseases in
humans and animals. The limited range of susceptible animals and the non-pathogenicity of capripoxviruses
to humans determine the great potential for their use as vaccine vectors. The technology for producing
recombinant capripoxviruses can be greatly improved by combining transient dominant selection for the
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gpt gene of Escherichia coli (based on resistance to mycophenolic acid) with differential expression of
green fluorescent protein.

The recombinant virus is generated by replacing the green fluorescent protein (in the acceptor virus)
with the target gene by two consecutive DNA recombinations. During the first crossover, the integration
plasmid with the target gene is inserted into the genome of the acceptor virus. As a result, an unstable
genetic construct is formed, which can only exist under the selective pressure of mycophenolic acid. After
the selective pressure is removed, intramolecular recombination of the viral genome occurs in homology
regions, and two types of viruses are formed: a recombinant with a target gene and an initial acceptor virus.

The viruses involved (green parent, green intermediate, and colorless final) are visualized differently
by fluorescence microscopy, allowing for a simple and efficient protocol for selecting target recombinants.
This method (replacement of genes "from green to colorless™) significantly reduces the time required to
obtain a marker-free recombinant capripoxvirus.

Keywords: lumpy skin disease virus, genome recombination, viral vector.

Vaccination is the main method of preventing infectious diseases. Despite the large number
of available drugs, the development of effective and safe vaccines is still an urgent task. One of
the decisions may be genetic immunization, as a result of which genes encoding target antigens of
pathogenic microorganisms are delivered to the body [1]. The expression of such genes in the body
mimics a viral infection by triggering an immune response. Delivery of target genes can be carried
out in various ways [2], including the use of viral vectors. Viral vectors expressing heterologous
antigens are similar to attenuated live viral vaccines and should ideally be able to incorporate
foreign genes of target antigens, promoters and adjuvants into their genome and express them
stably. The development of viral vectors is aimed at creating polyvalent vaccines, as well as
vaccines against major human and animal diseases, for which there are still no effective preventive
drugs.

Poxviruses engineered to express foreign genes have proven to be extremely valuable tools
in modern biotechnology for the development of both medical and veterinary vaccines. Genome
with high capacity for recombinant DNA [3], precise virus-specific control of target gene
expression, lack of persistence or integration into the host genome [4], high level of
immunogenicity [5, 6], exceptional thermostability, as well as ease of obtaining a vector and
vaccine are important features that have made poxviruses widely used as vaccine vectors.

Lumpy skin disease virus belongs to the genus Capripoxvirus of the Poxviridae family. The
genus Capripoxvirus also includes sheep pox and goat pox viruses. Capripoxviruses have high
genetic homology [7, 8]. Attenuated vaccine strains of capripoxviruses have been successfully
used as vectors in the development of bivalent vaccines [9, 10, 11]. Capripoxviruses have a limited
range of susceptible animals and cause abortive infections in non-permissive animals. However,
even in the absence of replication, recombinant capripoxviruses correctly express foreign genes
and elicit sustained immune responses in immunized hosts [12, 13]. These properties make
capripoxviruses promising for the development of vector vaccines against infectious diseases in
various animal species.

Methods for obtaining recombinant poxviruses are considered in detail in a number of
reviews [14, 15]. For selection and selection of recombinants, marker genes are used. These can
be genes providing resistance to antibiotics [16, 17, 18] or visual markers. Among them, the beta-
galactosidase gene, the expression of which is accompanied by blue staining of virus plagues in
the presence of 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal) [19, 20]; the beta-
glucuronidase gene produces colored or fluorescent products depending on the substrate used [21].
More recent studies are associated with the use of fluorescent proteins [22, 23].

The most promising direction in the selection and isolation of recombinant poxviruses is the
use of fluorescent proteins as markers. In the Laboratory of Molecular Biology and Genetic
Engineering of the Research Institute of Biological Safety Problems, vector plasmid DNAs were
constructed and a method for obtaining recombinant capripoxviruses by homologous
recombination under conditions of temporary dominant selection using the Escherichia coli gene
encoding the enzyme xanthine-guanine phosphoribosyl transferase (gpt) as a selective marker was
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developed [24]. The purpose of these studies was to optimize the selection of recombinant nodular
dermatitis viruses in the development of vector vaccines.

Materials and methods of research

Cell cultures used in this study were provided by the Cell Biotechnology Laboratory of the
Research Institute for Biological Safety Problems. Primary lamb testicular cells (LT) were cultured
at 37°C in 5% CO2 in a semi-synthetic near-wall medium (SNM, RIBSP, RK) supplemented with
10% (v/v) fetal bovine serum (FBS, Sigma, USA).

We used the recombinant Lumpy skin disease virus Atyrau-B obtained as a result of
knockout of the LSDVO008 gene in the genome of the virulent strain Dermatitis
nodulares/2016/Atyrau/KZ. Lumpy skin disease viruses were propagated on LT cells using SNM
containing 2% FBS for 7-10 days at 37°C in 5% CO,. Virus activity was determined by
microtitering in 96-well plates. The titer was calculated according to the method of Reed and
Mench and expressed in Ig TCIDso/cm?®.

Integration plasmids pIN-LSDV066-EGFP and pIN-LSDV066-1L18 for inserting the green
fluorescent protein (EGFP) gene or bovine interleukin-18 (bIL-18), respectively, into the
thymidine kinase locus of the viral genome were constructed as described by us previously [25].

Recombinant viruses were obtained by homologous recombination under transient dominant
selection conditions, as described previously [24]. Briefly, a monolayer of LT cells was infected
with Lumpy skin disease virus Atyrau-B or its derivatives at a dose of 0.1 TCIDso/cell for 2 h, and
then transfected with the appropriate integration plasmid using Lipofectamine 2000. When the
cytopathic effect (CPE) reached 80% (3 -5 days), cells were lysed by three freeze-thaw cycles. To
enrich the transfection pool with recombinant viruses, 2—3 successive passages were performed in
selective SNM containing 2% FBS, 2.5 pg/ml mycophenolic acid, 25 pg/ml xanthine, and
1.5 pg/ml hypoxanthine. The selection of recombinants was performed by cloning methods of
limiting dilution and plaques. Recombinant viruses were identified by fluorescence microscopy
and PCR. PCR analysis was performed to determine the homogeneity of the recombinant virus,
i.e. complete absence of the parental virus, using primers RCR-TK-F 5'-aattataggacctatgttttctggc-
3" and RCR-TK-R 5'-cagcgtcttttaataacattccat-3'. The size of the product for the parental virus is
413 bp, with the inserted EGFP gene - 1225 bp, with the inserted bIL-18 gene - 1085 bp.

PCR was performed in 25 pl containing 5 pl 5x OneTaqgStandard reaction buffer, 0.5 pl
10 mM dNTP, 1 ul each primer (10 pmol/ul) and 0.125 pl OneTaq DNA polymerase (0.625 U),
1 pl template DNA (100 ng/pl) and sterile distilled water to the final reaction volume. Template
DNA was denatured for 30 s at 94°C, primers were annealed at 50°C for 30 s, and the chain was
extended at 72°C for 90 s (30 cycles).

To select virus plagues and evaluate the expression of green fluorescent protein by the
recombinant lumpy skin disease virus, an Altami LUM-2 luminescent microscope was used.

Expression of interleukin 18 by recombinant lumpy skin disease virus was confirmed by
Western blotting as described previously [24] using polyclonal mouse anti-bIL18 sera.

Results and discussion

Recombination of the viral genome under conditions of temporary dominant selection occurs
as follows. During the first crossing over, the entire integration plasmid is inserted into the viral
genome (Figure 1A). The result is an unstable construct that can only exist under the selective
pressure of mycophenolic acid. After the selective pressure is removed, intramolecular
recombination of the viral genome occurs in the regions of homology, and two types of viruses are
formed: recombinant with the target gene and the original wild-type variant. In some cases, ten or
more rounds of cloning by limiting dilution and plaque formation are required to isolate a
recombinant virus.

To increase the efficiency of selection of recombinants, we have developed an acceptor virus
with a fluorescent protein marker gene inserted into its genome. When using an acceptor virus for
homologous recombination under conditions of temporary dominant selection, the selection of
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recombinants is possible after 2-3 rounds of plaque cloning. If the plaques of the acceptor virus
and viruses with an unstable genetic genome fluoresce due to the expression of the marker gene,
the plaques of the recombinant virus remain colorless under fluorescence microscopy. As can be
seen from Figure 1B, as a result of intramolecular recombination of the genome after the removal
of selective pressure, two types of virus are formed - fluorescent and non-fluorescent (“from green

"
to colorless™).
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Figure 1 - Scheme of homologous recombination of the viral genome under conditions of
temporary dominant selection: direct insertion of a foreign gene (A) and insertion of a foreign gene by
replacing the marker gene - the "green to colorless" strategy (B)

At the first stage of research, we developed an acceptor virus. The green fluorescent protein
gene has been inserted into the genome of the Atyrau-B lumpy skin disease virus. For the selection
of recombinant viruses, fluorescent microscopy was used in combination with PCR. As a result,
three clones of recombinant Atyrau-BJ(EGFP) viruses containing the green fluorescent protein
gene in their genome were obtained. Genetic stability was confirmed by serial passaging of the
recombinant for 10 passages (Figure 2A). As can be seen from Figure 2A, the thymidine kinase
locus (LSDV066) remains stable for 10 passages, retaining the inserted foreign gene in its
composition.
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A: analysis of clones of the recombinant Atyrau-BJ(EGFP) virus for the presence of the EGFP gene,
the structure of the LSDV066 locus; 1-3 - DNA of virus clones after the fifth passage, 4-6 - DNA of virus
clones after the tenth passage, PC - positive control (plasmid DNA). B: analysis of clones of the
recombinant Atyrau-BJ(IL18) virus for the presence of the IL18 gene, the structure of the LSDV066 locus;
1 - virus DNA after the fifth passage, 2 - virus DNA after the tenth passage, PC - positive control (plasmid
DNA)

Figure 2 — PCR analysis of recombinant viruses after 5 and 10 passages
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Expression of the inserted green fluorescent protein gene was assessed by fluorescent
microscopy. It was found that individual fluorescent cells were registered in the monolayer as early
as three hours after the cells were infected with the recombinant virus (Figure 3A). Over time,
their number increases (Figures 3B and 3C), and after 24 h, almost all cells of the infected
monolayer fluoresce (Figure 3D). In this case, the cytopathic effect of the virus can be observed
only by the end of the third - the beginning of the fourth day of cultivation.

A B C D
Figure 3 — Fluorescence microscopy of a monolayer of LT cells three (A), six (B), twelve (C) and twenty-
four hours (D) after infection with the recombinant Atyrau-BJ(EGFP) virus (100x)

Thus, we obtained the Atyrau-BJ(EGFP) acceptor virus, which we further used to insert the
target gene using the “green to colorless” strategy. We used the mRNA sequence encoding bovine
interleukin-18 as the target gene.

A monolayer of LT cells was infected with the Atyrau-BJ(EGFP) acceptor virus and
transfected with the integration plasmid pIN-LSDV066-1L18. The cell lysate after transfection was
cloned by the plaque method under a layer of agarose. The plaques were analyzed by light and
fluorescent microscopy (Figure 4).

A

A - light microscopy, B - simultaneous fluorescent and light microscopy

Figure 4 — Microscopy of plaques formed in cell culture of lamb testicles by recombinant Lumpy skin
disease viruses

Non-fluorescent plaques were expanded and analyzed by PCR. To completely remove the
acceptor virus, the resulting viral clones were re-cloned. As a result, an Atyrau-BJ(bIL18) virus
clone expressing bovine interlekin-18 was obtained. During 10 consecutive passages, the virus
remained genetically stable (Figure 2B). This was also evidenced by the expression of interleukin-
18, confirmed by Western blot (Figure 5). Thus, using the "green to colorless™" strategy, the
selection of recombinant viruses became possible in two rounds of cloning.
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1 - bacterially expressed interleukin 18 (positive control), 2, 4 - uninfected LT cells, 3 - cells infected
with Atyrau-BJ(1L18) virus, after the fifth passage, 5 - cells infected with Atyrau-BJ(1L18) virus, after tenth
passage

Figure 5 — Immunodetection of interleukin 18 expressed by the recombinant Lumpy skin disease
virus Atyrau-BJ(1L18)

Similar strategies have been used in the production of recombinant vaccinia viruses. Di Lillo
et al. [26] developed a method for obtaining modified vaccinia virus recombinants by combining
transient selection for host range (based on the restoration of the deleted vaccinia K1L gene in
MVA) with differential expression of fluorescent proteins. In this case, two types of cell cultures
RK13 and BHK-21 are used. The three types of viruses involved (red parent, green intermediate,
and colorless final recombinant) are visualized using fluorescence microscopy, allowing efficient
and rapid isolation of recombinant viruses. Later, the authors modified the purification method
using flow cytometry for cell sorting [27]. Barbieri et al. [28] used this approach to obtain multiple
inserts into the vaccinia virus genome.

Conclusion

The development of vector vaccines for the prevention of infectious diseases in animals and
humans is a promising direction in vaccinology. Lumpy skin disease virus, like other members of
the Capripoxvirus genus, has a limited host range and is not pathogenic to humans, which makes
them unique vectors. Despite the ease of insertion of foreign sequences into the genome of
poxviruses, the problem of selection of recombinants remains relevant. The development of an
acceptor virus expressing a fluorescent marker protein and its use in recombination under
conditions of temporary dominant selection for resistance to mycophenolic acid made it possible
to significantly reduce the number of cloning rounds in the selection of recombinants.

Thus, in order to increase the efficiency of selection of recombinant viruses, a “green to
colorless” strategy was developed. This strategy is based on the replacement of the green
fluorescent protein marker gene with the target gene.
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